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Abstract
In previous work, we have shown how to combine long and short historical baselines to make
predictions of future hurricane numbers. We now ask: how should such combinations change if we
are interested in predicting the future number of intense hurricanes?
1 Introduction
We are interested in predicting hurricane numbers well in advance of the start of the hurricane season.
There are a number of methods that one might consider to try and use to make such predictions, such
as:
• Time series analysis of the time series of historical hurricane numbers: two approaches we have
taken in the past are described in Khare and Jewson (2005) or Jewson et al. (2005).
• Time series analysis of sea surface temperature (SST), combined with analysis of the relationship
between SST and hurricane numbers (see Meagher and Jewson (2006))
• Analysis of the relationships between other variables and hurricane numbers (for instance, see Blake and Gray
(2004))
• Use of numerical prediction models of the ocean and/or atmosphere
We are pursuing a number of lines of analysis related to these different possible methods. In this study, we
consider again what can be achieved with the first, and simplest approach, of time series analysis of the
hurricane number time series. In particular, we consider the method described in Jewson et al. (2005),
but now for intense hurricanes. In that paper, we made the assumptions that the number of hurricanes
is a poisson variable, and that the poisson rate was constant from 1900 to 1994 and then jumped up to
a new level for the period 1995-2006. Based on these assumptions, we worked out how best to predict
2006, where best is defined as minimising RMSE.
The answer was that the best predictions for 2006 could be made by combining the average number of
hurricanes per year during the long baseline (1900-2005) with the average numbers of hurricanes per year
during the short recent period (1995-2005) in the proportions 39% to 61%. This result may seem slightly
counterintuitive, since the earlier data is not really representative of the climate of 2006, but it can be
explained as follows. A prediction based on the recent data suffers the problem that there are only 11
values on which to calculate the average. Although such a prediction is unbiased, it has a high variance.
A prediction based on the average of the whole data (1900-2005), on the other hand, will be biased,
because the rates for some of the earlier data are low relative to the current climate, but will have a
lower variance. Finally a prediction based on the optimal combination of the two periods can beat either
of these simpler predictions, and the proportions given above are estimates of the optimal proportions
based on a plug-in estimator.
We now extend this analysis to look at intense hurricanes. The question is: should the mixing of long
and short baselines be the same for estimating numbers of intense hurricanes, or should it be different,
and, if it is different, what should it be? Intuition might suggest that, since intense hurricanes are rarer,
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we should take relatively more account of the earlier data. Is this intuition correct? In section 2 we
consider, in a simple idealised setting, how we would expect the optimal mixing to change as we move to
more intense hurricanes, assuming that the ratios of the numbers of hurricanes of different intensities in
the long and short baselines don’t change. In section 3 we then derive estimates of the optimal mixing
proportions for real hurricane data for intense hurricane numbers. Finally in section 4 we summarise and
discuss our results.
2 Optimal predictions for intense hurricanes
We set up the hurricane prediction problem as follows. We define two poisson distribution populations
as:
Y1,j ∼ Pois(λi), j = 1, . . . , n1 (1)
Y2,j ∼ Pois(λi), j = 1, . . . , n2 (2)
We take Y1 to be the numbers of hurricanes per year for the recent 11 year period from 1995 to 2005,
and Y2 to be the numbers of hurricanes per year for the earlier 95 year period, from 1900 to 1994. Our
interest lies in predicting the value (Y1,n1+1) and the expected value (E(Y1,n1+1)) of a new observation
from the first population, where n1 + 1 is the year 2006.
To make predictions we use various sample means, defined as:
λˆi =
1
ni
ni∑
j=1
Yi,j . (3)
The three predictors we consider are the sample mean of the recent 11 year period, the sample mean of
the whole 106 year period (from 1900 to 2005), and an optimal combination of the two. We write these
three predictors as:
Yˆ1,n1+1 = λˆ1 (4)
Y
†
1,n1+1
=
n1
n1 + n2
λˆ1 +
n2
n1 + n2
λˆ2 (5)
Y ∗1,n1+1(α) = αλˆ1 + (1− α)λˆ2 (6)
In Jewson et al. (2005) we showed that the optimal mixing parameter α in the third of these predictors
can be estimated by:
αˆ =
n1n2(λ2 − λ1)
2 + n1λ2
n1n2(λ2 − λ1)2 + n2λ1 + n1λ2
(7)
We now consider how α would change as the rates change. If we replace both λ’s with adjusted rates
rλ (thus keeping the ratio of numbers between the two baselines constant, but changing the absolute
numbers in each baseline period) then we get:
αˆ =
n1n2(rλ2 − rλ1)
2 + n1rλ2
n1n2(rλ2 − rλ1)2 + n2rλ1 + n1rλ2
(8)
=
n1n2r(λ2 − λ1)
2 + n1λ2
n1n2r(λ2 − λ1)2 + n2λ1 + n1λ2
(9)
The r’s do not cancel, suggesting that the optimal mixing proportions α will depend on the frequency of
the events.
In the limit as r tends to zero this gives:
αˆ =
n1λ2
n2λ1 + n1λ2
(10)
In other words, however rare the event we should never completely ignore the data from the recent
category.
In the limit as r tends to infinity this gives:
αˆ = 1 (11)
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In other words, for very frequent events we can ignore the earlier data, and rely solely on the data in the
recent category.
For the example given in Jewson et al. (2005) (from which we take the values of n1, n2, λ1 and λ2) the
first of these limits gives a value of 0.08 i.e. 8%, and the variation of α for values of r between 0 and 2 is
given in figure 1. We see that for low values of r, α is very low. Thus, for very rare events we should put
most emphasis on the long baseline. As r increases and events become more common we can put more
emphasis on the recent data, and less on the earlier data.
3 Example
We now estimate alpha for five cases, in which we consider progressively more and more intense hurricanes.
The categories are as follows:
• Case 1: hurricanes of category 1-5
• Case 2: hurricanes of category 2-5
• Case 3: hurricanes of category 3-5
• Case 4: hurricanes of category 4-5
• Case 5: hurricanes of category 5
The numbers of hurricanes in each category for the two periods 1900-1994 and 1995-2005 are given in
columns 2 and 3 of table 1. Columns 4 and 5 give the same values as average annual rates, and column 6
gives the ratio of these average annual rates (95-05 divided by 00-94). Column 7 then gives the estimated
value of α, based on these numbers.
1 2 3 4 5 6 7
cat 00-94 95-05 00-94 95-05 ratio αˆ
1-5 157 25 1.653 2.273 1.375 0.660
2-5 94 17 0.989 1.545 1.562 0.695
3-5 59 10 0.621 0.909 1.464 0.520
4-5 16 1 0.168 0.091 0.540 0.485
5 3 0 0.032 0.000 0.000 1.000
Table 1: The columns show: (1) the row number, (2) the number of landfalling hurricanes in these
category between 1900 and 1994, (3) the number of landfalling hurricanes in these categories between
1995 and 2005, (4) the average annual number of landfalling hurricanes between 1900 and 1994, (5) the
average annual number of landfalling hurricanes between 1995 and 2005, (6) the ratio of column 5 to
column 4 (giving the change in the average annual number from the earlier period to the recent period,
and (7) the value of the mixing coefficient α.
For categories 1-5, 2-5 and 3-5 we see that the average annual rates increase when moving from the early
period to the recent period (compare columns 4 and 5). Only for categories 4-5 and 5 do they decrease.
There have been no category 5 events at all in the recent period. The values of α for categories 1-5 and
2-5 are very close, although 2-5 is slightly higher, which is perhaps surprising given the discussion in
section 2 above, which suggested that α should decrease as events become rarer. 1 The reason for this
increase in α is that the increase in the number of cat 2-5 hurricanes is a larger percentage increase than
the increase in the number of cat 1-5 hurricanes. In other words there have been disproportionately more
hurricanes of cat 2 and above in the recent period. In the cat 3-5 and cat 4-5 cases, the value of α is
lower, as we’d expect, just because there are fewer of these events. The cat 5 case is interesting. The
estimate of α is 1, suggesting that we should put all our weight on the recent period, in which there have
been no hurricanes. This is clearly not sensible, and in fact the model is breaking down at this point:
the problem is that the model can’t estimate hurricane rates from data in which no hurricanes occurred.
Estimating rates for cat 5 hurricanes should clearly be approached differently.
1Note that the value of α for cat 1-5 doesn’t quite agree with the value given in the previous paper, even though one
might expect it should. The difference arises because the results given here are based on the 2005 Hurdat database, rather
than the 2004 Hurdat database. Comparing these two databases, the number of hurricanes in the period 1900-1994 has
increased by one from 156 to 157. We also incorrectly guessed that 2005 would have 4 landfalling hurricanes, when in fact
it had 5.
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Using the values of α in table 1 we can make predictions for 2006 of the numbers of hurricanes in each
of these categories, as well as making the simpler predictions based purely on averages of hurricane
numbers over the long and short baselines. These are shown in table 2. Column 2 shows the long baseline
prediction, column 3 shows the short baseline prediction (which is the same as column 5 in table 1), and
column 4 shows the optimal prediction based on the value of α. Columns 5, 6 and 7 show the same
results, but now as a fraction of the total number of hurricanes. Columns 8 and 9 show the estimated
sizes of errors on the optimal predictions, first as absolute numbers (column 8), and then as a percentage
of the optimal prediction.
1 2 3 4 5 6 7 8 9
cat long bl short bl optimal long bl short bl optimal rmse2 rmse2 (%)
1-5 1.717 2.273 2.062 100.000 100.000 100.000 0.369 17.9
2-5 1.047 1.545 1.376 60.989 68.000 66.708 0.312 22.7
3-5 0.651 0.909 0.771 37.912 40.000 37.378 0.207 26.9
4-5 0.160 0.091 0.131 9.341 4.000 6.344 0.063 48.4
5 0.028 0.000 0.000 1.648 0.000 0.000 0.000 NaN
Table 2: The columns show (1) the row number, (2) a prediction for the number of hurricanes in 2006
based on the average number of hurricanes per year during the period 1900-2005, (3) a prediction for
the number of hurricanes in 2006 based on the average number of hurricanes per year during the period
1995-2005, (4) the optimal combination of the predictions in columns 2 and 3 using the α from the last
column in table 1, (5), (6) and (7): the predictions in columns 3,4 and 5 expressed as a percentage of the
total number of hurricanes, (8) the absolute error estimated for the prediction in column 4, and (9) the
percentage error estimated for the prediction in column 9.
What can we see in these results? As we’d expect, the optimal predictions (in absolute number terms) lie
between the long and short baseline predictions. The cat 3-5 and cat 4-5 predictions lie closer to the long
baseline predictions than the cat 1-5 and cat 2-5 predictions because of the lower value of α. The cat 5
predictions are included for completeness, but should be ignored because of the model failure described
above.
The percentage results (columns 5 to 7) give a little more colour. The prediction of the proportion of
hurricanes that are cat 2-5 has gone up relative to the long baseline. The prediction of the proportion
of hurricanes that are cat 4-5 has gone down relative to the long baseline, but not as far down as one
would derive from the short baseline. Finally, looking at the errors on these predictions, we see that the
numbers of more intense hurricanes are estimated more accurately in an absolute sense but less accurately
in a relative sense. The relative errors on the number of cat 4-5 hurricanes is between 2.5 and 3 times
the error on the number of all hurricanes.
4 Discussion
We have considered how to apply the baseline mixing model of Jewson et al. (2005) to the case of intense
hurricanes.
We have shown at a theoretical level that for more intense hurricanes we would expect the method to
put more weight on earlier data. This is simply because intense hurricanes are less frequent. Using real
historical data, we find that weights of 67% to 33% for cat 1-5 hurricanes (for short baseline and long
baseline forecasts respectively) become weights of 52% and 48% for cat 3-5 hurricanes.
We have also found a flaw in the model, which occurs for the cat 5 hurricane case. In this case, there
have been no landfalling hurricanes at all in the recent period. The model then (wrongly) puts 100%
weight on the recent data. Clearly this result should not be trusted, since it seems very unlikely that
we can conclude that cat 5 hurricanes have become impossible just because we haven’t seen one in the
last 11 years. At a fundamental level this exposes a flaw with the idea of fitting the poisson distribution
with a single parameter estimate to model hurricane numbers. One way to resolve this problem is to use
Bayesian statistics. We plan to investigate this further in another article.
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Figure 1: The variation in the optimal mixing parameter α as the poisson intensity of the modelled
processes varies (based on equation 8).
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Figure 2: Same as above for a close-up of the horizontal axis.
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